US 20170126163A1 


(is) United States 

( 12 ) Patent Application Publication oo) Pub. No.: US 2017/0126163 Al 
LIANG (43) Pub. Date: May 4,2017 


(54) VARIABLE FREQUENCY DRIVE SYSTEM 

(71) Applicant: Hyperloop Technologies, Inc., Los 

Angeles, CA (US) 

(72) Inventor: Jiaqi LIANG, Pasadena, CA (US) 

(73) Assignee: Hyperloop Technologies, Inc., Los 

Angeles, CA (US) 

(21) Appl. No.: 15/338,102 

(22) Filed: Oct. 28, 2016 

Related U.S. Application Data 

(60) Provisional application No. 62/247,954, filed on Oct. 
29, 2015. 

Publication Classification 

(51) Int. Cl. 

H02P 25/06 (2006.01) 

H02J 7/02 (2006.01) 


H02P 27/06 (2006.01) 

H02P 6/00 (2006.01) 

H02P 6/10 (2006.01) 

(52) U.S. Cl. 

CPC . H02P 25/06 (2013.01); H02P 6/006 


(2013.01); H02P 6/10 (2013.01); H02P 27/06 
(2013.01); H02J 7/02 (2013.01); H02J 7/345 

(2013.01) 

(57) ABSTRACT 

A dynamic linear motor is controlled by determining a 
relative proximity of a moving rotor of the linear motor to 
a fixed stator segment of the linear motor using a current 
location of the moving rotor. A current driving characteristic 
of the linear motor at the current location of the moving rotor 
is determined. Settings for the fixed stator segment when the 
moving rotor reaches the fixed stator segment are identified 
based on the current driving characteristic. The fixed stator 
segment is driven based on the settings when the moving 
rotor reaches the fixed stator segment. 
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VARIABLE FREQUENCY DRIVE SYSTEM 

CROSS REFERENCE TO RELATED 

APPLICATION 

[0001] The present application claims the benefit of U.S. 
Provisional Patent Application No. 62/247,954, filed on Oct. 
29, 2015, the disclosure of which is expressly incorporated 
by reference herein in its entireties. 

BACKGROUND 
[0002] 1. Field of the Disclosure 

[0003] The present disclosure relates to the field of energy 
supply systems. More particularly, the present disclosure 
relates to energy supply for motor drive systems. 

[0004] 2. Background Information 

[0005] A linear motor is an electric motor that has had its 
stator and rotor “unrolled” so that instead of producing 
torque, it produces a linear force along its length. This can 
be useful for a variety of purposes including for powering a 
transportation system. 

[0006] Separately, energy supplied from the power grid 
has traditionally been provided via isolation transformers to 
a variable frequency converter. The converter converts volt¬ 
age and current from the power grid’s parameters to the 
destination’s parameters, and also provides the necessary 
function of isolating the destination from the power grid. 
Additionally, a separate energy storage system is required 
when using a cascaded H-bridge converter. Configurations 
of cascaded H-bridge converters with an integrated energy 
storage (e.g., battery) connected to each converter can be 
prohibitively expensive, and are not particularly reliable 
when used in pulse power applications and/or a harsh 
environment. 

[0007] A transportation system can operate by providing 
external power (e.g., from energy storage systems or the 
power grid) to vehicles using a linear motor to propel 
vehicles along tracks. For a transportation system such as a 
commuter rail system, external power can be supplied to the 
entire transportation system continuously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The novel features which are characteristic of the 
present systems, both as to structure and method of opera¬ 
tion thereof, together with further aims and advantages 
thereof, will be understood from the following description, 
considered in connection with the accompanying drawings, 
in which embodiments of the system are illustrated by way 
of example. It is to be expressly understood, however, that 
the drawings are for the purpose of illustration and descrip¬ 
tion only, and they are not intended as a definition of the 
limits of the system. For a more complete understanding of 
the disclosure, as well as other aims and further features 
thereof, reference may be had to the following detailed 
description of the disclosure in conjunction with the follow¬ 
ing exemplary and non-limiting drawings wherein: 

[0009] FIG. 1 is a diagram of a motor drive system for a 
linear motor, according to an aspect of the present disclo¬ 
sure; 

[0010] FIG. 2 is a diagram of an embodiment of an energy 
cell of a motor drive system for a linear motor, according to 
an aspect of the present disclosure; 


[0011] FIG. 3 is a diagram of another embodiment of an 
energy cell of a motor drive system for a linear motor, 
according to an aspect of the present disclosure; 

[0012] FIG. 4 is a diagram of another embodiment of an 
energy cell of a motor drive system for a linear motor, 
according to an aspect of the present disclosure; 

[0013] FIG. 5 is a diagram of still another embodiment of 
an energy cell of a motor drive system for a linear motor, 
according to an aspect of the present disclosure; 

[0014] FIG. 6 is a diagram of a Wye configuration for an 
energy cell of a motor drive system for a linear motor, 
according to an aspect of the present disclosure; 

[0015] FIG. 7 is a diagram of a Delta configuration for an 
energy cell of a motor drive system for a linear motor, 
according to an aspect of the present disclosure; 

[0016] FIG. 8 is a diagram of a system that includes a 
circuit for a variable frequency drive system, according to an 
aspect of the present disclosure; 

[0017] FIG. 9 is a diagram of a system that includes a 
circuit for a variable frequency drive system, according to an 
aspect of the present disclosure; 

[0018] FIG. 10a is a view of a transportation system that 
includes a motor drive system for a linear motor, according 
to an aspect of the present disclosure; 

[0019] FIG. 10/) is a frontal schematic view of a transpor¬ 
tation system that includes a motor drive system for a linear 
motor, according to an aspect of the present disclosure; 
[0020] FIG. 11 is a view of another transportation system 
that includes a motor drive system for a linear motor, 
according to an aspect of the present disclosure; 

[0021] FIG. 12 is a flow chart for charging and discharging 
energy to and from a variable frequency drive system, 
according to an aspect of the present disclosure; and 
[0022] FIG. 13 is an exemplary general computer system 
that includes a set of instructions for a variable frequency 
drive system, according to an aspect of the present disclo¬ 
sure. 

DETAILED DESCRIPTION 

[0023] In view of the foregoing, the present disclosure, 
through one or more of its various aspects, embodiments 
and/or specific features or sub-components, is thus intended 
to bring out one or more of the advantages as specifically 
noted below. 

[0024] Methods described herein are illustrative 
examples, and as such are not intended to require or imply 
that any particular process of any embodiment be performed 
in the order presented. Words such as “thereafter,” “then,” 
“next,” etc. are not intended to limit the order of the 
processes, and these words are instead used to guide the 
reader through the description of the methods. Further, any 
reference to claim elements in the singular, for example, 
using the articles “a,” “an” or “the”, is not to be construed 
as limiting the element to the singular. 

[0025] A high-speed transportation system can use a low 
pressure environment in a tube in order to reduce drag on a 
vehicle at high operating speeds. The transportation system 
could benefit from both a greater speed potential and low¬ 
ered energy costs, both resulting from reducing drag. Such 
a system could use a near vacuum within a tubular structure. 
The inventors of the technology and inventions described 
herein are involved in building and Hilly implementing such 
a transportation system. 



US 2017/0126163 A1 


2 


May 4, 2017 


[0026] A variable frequency drive system for a motor 
drive system is described herein, and can be used to imple¬ 
ment a high-speed transportation system. The disclosure 
herein also provides for a converter system that drives a 
linear motor and interfaces with a hybrid energy supply 
system and/or energy source (including the power grid). The 
variable frequency drive system and converter system may 
be provided as separate systems, or may be integrated 
together as a single system. 

[0027] FIG. 1 is a diagram of a motor drive system for a 
linear motor, according to an aspect of the present disclo¬ 
sure. In FIG. 1, a medium-voltage (defined hereinafter) 
motor drive system 128 is provided as a system via variable 
frequency drives 130. Each variable frequency drive 130 is 
comprised of one or more energy cells (not shown in FIG. 
1). An ultracapacitor is an example of an energy storage 
module contemplated by the described embodiments, as is a 
flywheel, batteries and/or other forms of energy storage 
devices, and these modules/devices can be provided as part 
of variable frequency drive 130 in motor drive system 128. 
[0028] Each variable frequency drive 130 is connected to 
and disconnected from an external energy source 125 via at 
least one first switching element (switch) 122 and is also 
connected to and disconnected from linear motor segments 
120 via at least one second switching element (switch) 127. 
In FIG. 1, multiple variable frequency drives 130 are shown. 
As can be easily envisioned, for a transportation system 
spanning dozens or hundreds of miles, numerous such 
variable frequency drives 130 can be used to form a motor 
drive system 128. Additionally, while only a single energy 
source 125 is shown in FIG. 1, variable frequency drives 130 
may be connected to any number and different types of 
energy sources 125 such as, e.g., the power grid, renewable 
sources, combustion engines, additional energy storage, and 
so on. 

[0029] External energy source 125 may be different power 
and voltage than the desired output for motor drives with 
energy storage 130. Voltage provided from the energy source 
125 to the variable frequency drives 130 is drawn through 
the respective first switching elements 122. The converter 
module 233 

[0030] The peak power resulting from an energy source 
125 through the first switching elements 122 to the motor 
drives with energy storage 130 described herein is lower 
than in a conventional system because the energy can be 
drawn steadily from the source. Accordingly, the cost of 
using an array of first switching elements 122 is lower than 
conventional alternatives. 

[0031] To charge variable frequency drive 130, e.g., one or 
more ultracapacitors or flywheels (or other energy storage 
devices), subsets of ultracapacitors or flywheels, or all 
ultracapacitors or flywheels, embedded in a motor drive 
system 128 formed by the variable frequency drives 130, a 
motor drive system 128 is first disconnected from all the 
linear motor segments 120 via the second switching ele¬ 
ments 127, and then connected to the energy source 125 via 
the first switching elements 122. In embodiments, it is also 
contemplated that the above-noted variable frequency drives 
130 can be discharged through first switching elements 122 
to generate power to external energy source 125. To drive or 
brake a linear motor formed by the linear motor segments 
120, the variable frequency drives 130 are first disconnected 
from the energy source 125, and then connected to the linear 
motor segments 120 via the second switching elements 127. 


The energy stored in the ultracapacitor(s), flywheels or other 
energy storage devices of the variable frequency drives 130 
is used to drive or brake the linear motor formed by the 
linear motor segments 120. Power provided to and drawn 
from the energy storage devices of variable frequency drives 
130 is provided and drawn via converter module 233. In an 
alternative, it is also contemplated that power from external 
energy source 125 can be continuously flowing to variable 
frequency drives 130, whereby the energy cell 228 isolate 
external energy source 125 from linear motor segments 120 
via the converter module 233 so that the need for first 
switches 122 to operate to charge/discharge the energy 
storage devices can be eliminated. 

[0032] The linear motor segments 120 are discussed 
below, but as a contextual introduction, the linear motor 
segments 120 are stator segments of the linear motor. The 
rotor of the linear motor may be carried by a vehicle (pod or 
capsule) that travels through a tube in which the linear 
motor/linear motor segments are arranged. The linear motor 
segments 120 can be individually dynamically powered in 
synchronization with the approaching and departing vehicle 
(pod). The synchronization can be performed by using a 
computer as shown in FIG. 10, or using sensors distributed 
along a tube such as tube 700 in FIG. la. Such sensors can 
include position/motion sensors and velocity sensors. 
Although multiple variable frequency drives 130 are com¬ 
bined to form a motor drive system 128, they are not 
necessarily connected, electrically or mechanically. Each 
variable frequency drive 130 may be connected to and 
power, simultaneously or individually via switches, multiple 
linear motor segments 120. For instance, a first variable 
frequency drive 130 may activate a first linear motor seg¬ 
ment 120 as a rotor interacts with the linear motor segment 
120. A variable frequency drive 130 may activate a second 
linear motor segment 120 as the rotor moves from the first 
linear motor segment to the second linear motor segment. 
This may occur without any communication, electrical or 
mechanical, between the first and second variable frequency 
drives and without any communication, electrical or 
mechanical, between the first and second linear motor seg¬ 
ment. 

[0033] FIG. 2 is a diagram of an energy cell 228 for a 
variable frequency drive 130, according to an aspect of the 
present disclosure. In FIG. 2, the energy cell 228 includes a 
converter module 233 and an energy storage module 230. 
The energy storage module 230 can include, e.g., at least one 
ultracapacitor, at least one flywheel with an associated motor 
and/or other energy storage device(s), which can be con¬ 
nected to a converter module 233 to convert relatively 
low-voltage power supplied by energy storage module 230, 
approximately 1.2 kV, to a relatively higher (as compared to 
the low-voltage power) medium-voltage, approximately 
13.8 kV, that can be applied to a linear motor, e.g., linear 
motor segments 120 (see FIG. 1). Thus, the converter 
module 233 provides power of sufficient voltage to drive 
linear motor segments 120. The converter module 233 may 
also function to reduce the voltage coming from energy 
source 125, which could be in excess of 100 kV, such as 
through pulse conversion. It may also switch the electrical 
polarity of the circuit. It may also smooth the output voltage 
by drawing from or to an integrated capacitor if the incom¬ 
ing voltage is not steady. The converter may also function to 
short the circuit as an emergency cut off. In the illustrated 
embodiment, energy storage module 230 can output single 
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phase (solid line) or multiphase voltage power (solid and 
dashed lines) to respective switches of voltage converter 
module 233 to convert the single phase or multiphase low 
voltage power to the desired medium voltage power. 

[0034] In a further embodiment of motor drive component 
of an energy cell 228' illustrated in FIG. 3, more than one 
energy storage module ESI, ES2 can be connected in 
parallel to a common bus B via protective devices PR1, PR2, 
respectively, which can be switches or fuses. Bus B can be 
connected to converter module 233' in such a manner that 
one or more phases from energy storage modules ESI, ES2 
are converted from a single phase to multiphase low-voltage 
power to a medium-voltage for connection to the linear 
motor segments 120. 

[0035] In still another embodiment of an energy cell 228" 
illustrated in FIG. 4, more than one energy storage module 
ESI, ES2 can be arranged in parallel to connect to a common 
bus B through respective protective devices PR1, PR2. An 
inductor L can be connected between bus B to combine 
multiple phases of the parallel energy storage devices ESI, 
ES2 into one terminal of converter module 233", thus 
eliminating the need for separate switches for each phase. 
FIG. 4 further shows a control device C connected to 
converter module 233" to control the operation of the 
switches that inputs the low voltage power into the converter 
module 233". Further control device C can be connected, 
e.g., via optical fiber to a central control unit (not shown) 
that monitors and controls all control devices C connected as 
part of a control loop of the system. FIG. 4 also schemati¬ 
cally illustrates a cooling device, which can run along the 
entire system or along discrete portions of the system, i.e., 
where needed, to prevent overheating of the components. 

[0036] In an alternative embodiment of an energy cell 228' 
illustrated in Figure, when energy storage module 230' 
includes a flywheel 231, an associated motor 232 for charg¬ 
ing the flywheel can be connected between the flywheel and 
converter module 233', as shown in FIG. 5, so that the three 
phases of the associated motor 232 of flywheel 231 are 
connected to converter module 233. The three-phase con¬ 
verter module 233 converts the three-phase low-voltage 
power from the flywheel energy storage module to the 
desired medium-voltage to be applied to linear motor seg¬ 
ments 120. 

[0037] In embodiments, energy cell 228 may be a variable 
frequency drives 130 so that multiple low-voltage energy 
cells 228 may be combined together to form the desired 
medium-voltage motor drive to supply the desired medium 
voltage power to linear motor segments 120. Using the 
converter module 233, low-voltage stored in the ultracapaci¬ 
tor 231 can be converted to a higher voltage used to drive the 
linear motor as described herein. 

[0038] Additionally, the acts of storing energy in energy 
storage module 230 (ESI, ES2) and providing energy from 
energy storage module 230 (ESI, ES2) may be synchronized 
by a coordinating computer (see FIG. 13) and/or sensors 
distributed along a tube (see FIG. 10a). In this way, numer¬ 
ous motor drive systems 228 may be used to coordinate 
power supply to multiple different linear motor segments 
120. One example of such coordination is disclosed in 
commonly-assigned U.S. patent application Ser. No. 15/008, 
024, filed on Jan. 27, 2016 and entitled “Dynamic Linear 
Stator Segment Control”, the entire contents of which are 
expressly incorporated by reference herein in their entireties. 


[0039] FIG. 6 is a diagram of a Wye configuration for 
energy cells 228 to form a variable frequency drive 130, 
according to an aspect of the present disclosure. In a 
symmetric three-phase power supply system, alternating 
current (AC) of the same frequency and voltage amplitude 
is carried by three conductors, each with a phase difference 
of one third. The voltage on any conductor reaches a peak at 
one third of a cycle after one of the other conductors and one 
third of a cycle before the remaining conductor, due to the 
phase difference. This phase delay gives constant power 
transfer to a balanced linear load, and allows production of 
a rotating magnetic field in an electric motor. Three-phase 
electric power is commonly used for alternating-current 
power transfer, including for large motors such as would be 
used with a large transportation system. 

[0040] In the embodiment of FIG. 6, nine energy cells 228, 
each comprising an energy storage (ES) module 230 and a 
converter module 233, are arrayed in a Wye configuration in 
groups of three. The energy cells 228 in each group are 
arranged in series so that a line out from each group leads to 
switching elements connected to a linear motor and/or 
energy source. In the Wye configuration, each group is also 
connected by a transformer to a common neutral point. 
[0041] FIG. 7 is a diagram of a Delta configuration for 
energy cells 228 of a variable frequency drive 130, accord¬ 
ing to an aspect of the present disclosure. In the Delta 
configuration, nine energy cells 228, each comprising an 
energy storage (ES) module 230 and a converter module 
233, are again arranged in groups of three, but in FIG. 7 each 
line out to switching elements connected to linear motor 
and/or energy source leads out from two of the three groups. 
[0042] FIGS. 8 and 9 are diagrams of circuits for a motor 
drive system for a linear motor, according to an aspect of the 
present disclosure. In FIG. 5, multiple line commutated 
inverters (LCIS) 551 are distributed along linear motor 
stator segments 520. In FIG. 6, multiple line commutated 
inverters 651 are similarly distributed along linear motor 
stator segments. The line commutated inverters 551 and 651 
are not all identical, as 3-phase line commutated inverters 
551, 651 are connected to stator segments 520, 620, while 
1 -phase line commutated inverters 551, 651 are connected to 
energy storage module 530, 630 and/or energy sources 525, 
625. Line commutated inverters are circuit elements that 
translate direct current in a circuit path into alternating 
current that can be provided to additional elements. In FIGS. 
5 and 6, the additional elements include energy storage 
module 530, 630, energy sources 525, 625, stator segments 
520, 620, and so on. As an analogy, if the circuits 500 and 
600 are considered analogous to highways along which 
direct current travels, the line commutated inverters 551, 
651 could be considered analogous to entrances and exits by 
which energy can enter and exit the circuits. 

[0043] The alternating current (AC) sides of three line 
commutated inverter 551 in FIG. 5 connect to a linear motor 
stator segment 520. The direct current (DC) sides of all line 
commutated inverters 551 in the circuit 500 are connected in 
series. The line commutated inverters 551 in FIG. 5 include 
the three at the bottom connected to stator segments 520, and 
also additional line commutated inverters that comiect to an 
energy storage module 530 (for example, ultracapacitor, 
flywheel, etc.), and an energy source 525 (for example, the 
grid, renewable generation, a combustion engine generator). 
[0044] Additionally, a smoothing inductor 552 can be used 
to smooth the direct current in the circuit 500. Direct current 
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in the direct current smoothing inductor 552 is built up by 
converting energy that enters the circuit 500 from the energy 
source 525 and/or from the energy storage 530 via the 
respective line commutated inverters 551. The direct current 
can also be used to charge or discharge the energy storage 
module 530 via the corresponding line commutated inverter 
551. 

[0045] In FIG. 8 and FIG. 9, as a rotor 599 or 699 travels, 
nearby or approaching linear motor stator segments 520 or 
620 are activated, and other linear motor stator segments 520 
or 620 (e.g., remote from the rotor location) may remain 
passive (i.e., deactivated). The line commutated inverters 
551 or 651 that are comiected to the active stator segments 
520 or 620 commutate the direct current from the circuit 
500, 600 sequentially into each phase of the coils of the 
active stator segments 520 or 620. In this way, a moving flux 
is formed. The moving flux drives the rotor 599 or 699. The 
line commutated inverters 551, 651 that are comiected to the 
passive stator segments 520 or 620 are controlled to bypass 
the DC current by turning on thyristors in one or more 
phases. 

[0046] The embodiments of FIGS. 8 and 9 can provide 
power at lower cost than conventional voltage source con¬ 
verters for several reasons, including cheaper component 
manufacturing costs. This also reduces cabling necessary 
along the linear motor stator segments 520, 620. Only direct 
current cables of two polarities may be required, compared 
to a multitude of 3-phase alternating current cables that 
would be required in an alternative using a central converter 
with segment switches instead of the direct current cables 
and line commutated inverters 551, 651. 

[0047] In an embodiment, a direct current inductor can be 
implemented using the coils of the passive stator segments 
620 which are not being actively driven. In this way, instead 
of bypassing the line commutated inverters 651 for the 
passive stator segments 620, selected thyristors can be 
turned on so that the coils of the passive stator segments 620 
are connected in the direct current loop of the circuit 600. 
The coils of the passive stator segments 620 then provide 
direct current inductance for the active line commutated 
inverters 551. 

[0048] In another embodiment, distributed line commu¬ 
tated inverters 551, 651 may be connected to multi-phase 
linear motors so as to reduce torque ripples. Each distributed 
line commutated inverter 551, 651 has multiple phase legs 
as shown, and adjacent line commutated inverters 551, 651 
can be operated with phase shifts. 

[0049] In FIG. 9, two of three stator segments 620 are 
labeled active, and one stator segment 621 is labeled pas¬ 
sive. This shows how specific stator segments 620 can be 
selectively driven as a rotor 699 approaches, while other 
stator segments 620 remain passive. 

[0050] FIG. lOo is a view of a transportation system that 
includes a motor drive system for a linear motor, according 
to an aspect of the present disclosure, and FIG. 10 b is a 
frontal schematic view of the transportation system for a 
hybrid energy supply system, according to an aspect of the 
present disclosure. Tube 700 can be, e.g., a subway tunnel, 
or a tube within which transportation pods can travel. As 
such, the tube 700 may be dozens or even hundreds of 
kilometers long, and on the order of 25-250 feet in diameter. 
Additionally, the tube 700 may have a circular profile, but 
the profile of the tube 700 may also be in other shapes such 
as an ellipse or a rectangle. One example of such a system 


is disclosed in commonly-assigned U.S. patent application 
Ser. No. 15/007,783, entitled “Transportation System”, the 
entire contents of which are expressly incorporated by 
reference herein in their entirety. 

[0051] An electromagnetic system powers pods 798 that 
move through the tube 700. The electromagnetic system 
may include magnets 799 provided on each pod 798 serving 
as rotors. The electromagnetic system also includes aligned 
stator segments 780 placed in portions of the tube where the 
pods 798 are to be accelerated. The aligned stator segments 
780 may include interlocked blocks of windings as 
described in commonly-assigned U.S. patent application 
Ser. No. 15/007,940, filed on Jan. 27, 2016 and entitled 
“Continuous Winding for Electric Motors”, the entire con¬ 
tents of which are expressly incorporated by reference 
herein in their entirety. 

[0052] The electromagnetic system works as a linear 
motor to generate a force that is proportional to both the 
current running through the stator segments 780 and the 
magnetic field of the rotor carried by the pod 798. The force 
itself is produced by induction which produces a magnetic 
field opposite to the magnetic field of the rotor 799. The 
opposing fields repel each other, and these forces act to 
propel the pod 798 and rotor 799 through the tube 700. 
[0053] The tube 700 may be depressurized (vacuumed) in 
a way that reduces resistance encountered by the pods 798 
as they move through the tube 700. In this way, pods 798 
may achieve faster speeds or the same speed with less 
power, using the electromagnetic system that includes the 
aligned stator segments 780 and the rotors 799 carried by the 
pods 798. That is, pods 798 will require less propulsion force 
to obtain a given speed using the electromagnetic system 
that includes the aligned stator segments 780 and the rotors 
799 carried by the pods 798. 

[0054] Motor drive systems 728 apply voltage to the stator 
segments 780. Each motor drive system 728 provides power 
to a subset of the stator segments 780. Each motor drive 
system 728 is a medium-voltage motor drive such as the 
medium-voltage motor drive system 128 shown in FIG. 1. 
Further, each motor drive system 728 can include one or 
more energy storage modules such as ultracapacitors 231, 
flywheels and/or other storage devices, as illustrated and 
described with reference to FIG. 2. The energy storage 
module of the motor drive system 728 serves as energy 
storage in a hybrid energy supply system that collects energy 
from energy sources/power supplies 725 and provides 
energy through a low-voltage converter (not shown) when 
the motor drive system 728 is activated to power stator 
segments 780. 

[0055] Similarly, motor drive systems 728 may provide 
power via a circuit such as 500 shown in FIG. 8 or 600 
shown in FIG. 9, so that stator segments 780 are selectively 
driven via line commutated inverters in the circuits. Power 
may be provided from the motor drive systems 728 as 
alternating current power, translated into direct current for 
the circuits 500, 600, and then processed by the line com¬ 
mutated inverters so as to drive the stator segments of the 
linear motor. 

[0056] Power supplies 725 are representative of a power 
grid, and may derive power from, e.g., power stations, solar 
panels and/or other forms of power that can be placed on the 
power grid. The motor drive systems 728 are coupled to 
power supplies 725 to provide power in a synchronized 
pattern, so that stator segments 780 are powered as a pod 798 
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approaches, and depowered as a pod 798 departs. Therefore, 
stator segments 780 are powered in a synchronized manner 
that reflects the actual relative location of the pod 798 to 
each stator segment 780. The actual location of the pod 798 
may be determined in a variety of manners including use of 
fixed sensors in the tube 700 that detect the presence of a pod 
798 at a specific location in the tube 798. 

[0057] Presence of a pod 798 at a specific location within 
a tube 700 can also be projected. For example, knowledge of 
the location of a pod 798 at a specific location and time can 
be combined with known acceleration characteristics of the 
linear motor within the tube 700 to project when the pod 798 
will be at a specific location within the tube 700. Moreover, 
since the acceleration characteristics of the linear motor 
within the tube 700 are expected to remain the same over 
time, a plot of the trajectory and timing of a pod 798 in the 
tube 700 can be generated. Therefore, as long as the starting 
time for a pod 798 is known, a trajectory from start to finish 
can be used as a timing plan for the pod 798. In this way, the 
presence of the pod 798 at different times at hundreds or 
even thousands of different stator segments 780 within the 
tube can be projected. 

[0058] The relative proximity of a pod 798 to a particular 
stator segment 780 can also involve a combination of 
detected locations of the pod and projections based on the 
detected locations. For example, a sensor may be placed at 
spaced locations, e.g., every 10 stator segments 780, and the 
detected presence of the pod 798 at a sensor can then be used 
to project the presence of the pod 798 at each of the 
additional stator segments 780. Alternatively, a plan may be 
provided before a pod 798 ever starts a journey through the 
tube 700, and the plan may plot the location and time of the 
pod at every stator segment 780 within a tube 700. When a 
plan is used, presence and speed of the pod 798 at specific 
locations within the tube 700 can be compared to the plan in 
order to account for any discrepancies between the plan and 
the actual positions of the pod 798 within the tube 100. 

[0059] A plan can be generated in several ways. One way 
to generate a plan is to propel a pod 798 through a tube 700 
and plot positions of the pod 798 within the tube at specific 
times. Another way to generate a plan is to identify accel¬ 
eration characteristics of the linear motor, such as the force 
to be generated and the expected mass of a pod 798 to be 
propelled through the pod. Knowledge of the acceleration 
characteristics of the linear motor can be used to generate a 
plan that plots the position of the pod 798 within the tube 
700 at different times relative to the absolute starting time of 
the pod. In this way, the same plan can be used over and 
over, and a process of synchronizing the power to stator 
segments can be automatically performed by a computer and 
a set of variable frequency drivers. 

[0060] Tube 700 includes a track support 750 and stators 
780. The stators 780 include interconnected blocks of wind¬ 
ings, and are linked together by, e.g., joints, in sections of the 
tube 700 where pods are to be accelerated by the linear 
motor. The pod 798 is shown as separate from the magnetic 
element 799 (rotor). However, the magnetic element 799 
may be a component of the pod 798. Regardless, the 
magnetic element 799 moves with the pod 798 through the 
tube 700, and serves as a rotor 799 of the linear motor 
described herein. In this way, electromagnetic force can be 
dynamically generated as the pod 798 moves through the 
tube 700. 


[0061] The features of the present disclosure mainly relate 
to how energy is stored in and provided by a hybrid energy 
supply system, and how stator segments 780 can be selec¬ 
tively activated and deactivated. The hybrid energy supply 
system is an element of a motor drive system 728 in FIGS. 
10a and 10A, and can dynamically obtain supplemental 
power from power supplies 725 on an as-needed or on- 
demand basis. In this way, when obtained from the grid, a 
large energy user such as described herein can dynamically 
obtain the supplemental power at off-peak demand times, for 
example. The energy can be stored in energy storage mod¬ 
ules of the motor drive systems 728, and then dynamically 
provided via circuits 500, 600 to power stator segments 520, 
620. 

[0062] Power is supplied to the stator segments 780 in 
order to generate voltage that works together with the 
magnetic elements (or rotor) 799 to produce an electromag¬ 
netic force that propels the pods 798 through the tube 700. 
In this way, the magnetic elements (or rotor) 799 and stator 
segments 780 form a linear motor. 

[0063] In accordance with embodiments, Medium-voltage 
(MV) is defined by the Institution of Electrical and Elec¬ 
tronic Engineers (IEEE) as 1 kV to 100 kV. In an embodi¬ 
ment of the present disclosure, voltages up to 8410 volts are 
applied to the core of the stator of the linear motor. 

[0064] FIG. 11 is a view of another transportation system 
that includes a motor drive system for a linear motor, 
according to an aspect of the present disclosure. In the 
embodiment of FIG. 8, stator segments 880 are shown 
placed at some portions of the tube 800 but not at others. In 
FIG. 8, stator segments 880 are selectively placed where 
pods are to be accelerated or decelerated, but need not be 
placed at numerous other locations along the tube 800. A 
concentration of stator segments 880, e.g., as shown at the 
leftmost portion of the tube 800, may be a location at which 
a pod is to be accelerated from 0 to a maximum intended 
speed. Individual stator segments 880 may also be placed 
and/or grouped together along tube 800 to boost or reaccel¬ 
erate the pods to compensate for any deceleration due to air 
flows in the tube 800 or friction caused by contact with track 
supports or other elements in the tube 800. Of course, stator 
segments 880 may be used also to decelerate a pod 798, and 
may even be placed along the tube 800 specifically for the 
purpose of deceleration in locations where acceleration will 
not normally be provided. 

[0065] In FIG. II, the motor drive system 828 uses power 
from power supplies 825 to selectively power stator seg¬ 
ments 880 as a pod 798 approaches. The motor drive 
systems 828 include the hybrid energy supply systems 
described herein to store and provide the power when 
needed. Power stored in low-power energy storage modules 
such as ultracapacitors, flywheel and/or other suitable 
devices can be converted by a low-voltage converter module 
to medium-voltage so as to power the stator segments 880. 
Additionally, as shown in FIG. 11, the motor drive systems 
828 and any local power supplies 825 are positioned only 
where stator segments 880 are placed in the tube 800. As 
such, motor drive systems 828 and power supplies 825 are 
not necessarily placed along areas of the tube 800 where 
stator segments 880 are not required and acceleration or 
deceleration of pods is not anticipated. 

[0066] FIG. 12 is a flow chart for processes performed 
while charging and discharging energy to and from a hybrid 
energy supply system, according to an aspect of the present 
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disclosure. At 5901, an instruction is received to either drive 
(or brake) a pod via a stator segment, or to charge (or 
discharge) a low power storage module such as an ultraca¬ 
pacitor, flywheel, etc. If the instruction is to drive a pod, an 
external energy source 125 is discomiected at 5920 from the 
energy storage module of the motor drive via switching 
elements such as first switching elements 122 shown in FIG. 
1. One or more linear motor segments are comiected, e.g., 
sequentially, at S925 via switches such as second switching 
elements 127 shown in FIG. 1. At S930, power is provided 
from motor drive with energy storage 130 to the connected 
linear motor segments 120 through a converter module 233, 
233', 233", 233'". At S965, the process is complete. 

[0067] If an instruction is received to brake the pod, an 
external energy source 125 is disconnected at S9350 from 
the energy storage module of the motor drive via switching 
elements such as first switching elements 122 shown in FIG. 
1. One or more linear motor segments AUG comiected, e.g., 
sequentially, at S940 via switches such as second switching 
elements 127 shown in FIG. 1. At 5945, energy storage 
module 230 (ESI, ES2) absorbs energy from the linear 
motor segments 120. At S965, the process is complete. 
[0068] If the instruction is to charge the of the energy 
storage module 230 (ESI, ES2), a linear motor segment 120 
is disconnected at S905 via switching elements such as 
second switching elements 127 shown in FIG. 1. An external 
energy source 125 is comiected at S910 to energy storage 
module 230 (ESI, ES2) via switches such as first switching 
elements 122 in FIG. 1. At S915, power is provided to 
charge energy storage module 230 (ESI, ES2). At S965, the 
process is again complete. 

[0069] If an instruction is received to discharge the energy 
storage module 230 (ESI, ES2), a linear motor segment 120 
is disconnected at S950 via switching elements such as 
second switching elements 127 shown in FIG. 1. An external 
energy source 125 is connected at S955 to energy storage 
module 230 (ESI, ES2) via switches such as first switching 
elements 122 in FIG. 1. At S960, energy storage module 230 
(ESI, ES2) is discharged to generate power that is supplied 
to external energy source 125. At S965, the process is again 
complete. 

[0070] As described with respect to FIG. 12, a hybrid 
energy supply system can be used to obtain and store power 
from power sources, and then provide the power on-demand 
to dynamically power stator segments of a linear motor in a 
transportation system. The synchronization shown in FIG. 
12 can be implemented using a computer and communica¬ 
tions network to control switches (switching elements), line 
commutated inverters, and motor drive systems. A computer 
may be used to receive information of a pod location, and 
then dynamically coordinate stator elements to activate as 
the pod approaches. Similarly, the computer may receive 
information regarding energy levels in low power energy 
modules, and determine when power should be obtained 
from energy sources for storage at the low power energy 
modules. Of course, multiple computers can be used to 
dynamically coordinate stator segment control and energy 
storage in a transportation system, and processes such as 
those described herein may be distributed among computers 
separately assigned to different individual computers. 
[0071] As described, stator segments are individually 
powered in accordance with a preplanned routing, or 
dynamic instructions based on specifically confirmed loca¬ 
tions of a pod moving through a tube. The stator segments 


can be powered using energy stored in the hybrid energy 
supply system described herein, and in accordance with 
individually controlled line commutated inverters as 
described herein. Power is selectively provided to stator 
segments in locations where the pod is to be accelerated or 
braked, and the power to different stator segments may be 
provided by different motor drive systems as described 
herein. 

[0072] Additionally, as explained with respect to FIG. 11, 
stator segments 880 can be selectively turned on and off as 
a pod 798 approaches and departs. Adjacent stator segments 
880 can be turned on at the same time that previous stator 
segments 880 are turned off, or the time in which stator 
segments 880 are powered may overlap either partially or 
fully. The powering of stator segments 880 can be synchro¬ 
nized so that even if several stator segments 880 are powered 
at the same time, a new stator segment 880 ahead of the pod 
798 is provided power as power is shut off to the last 
powered stator segment 880 behind the pod. 

[0073] Additionally, information may be passed between 
multiple motor drive systems to coordinate driving of stator 
segments. For example, a computer can coordinate and 
synchronize frequency and phase passing between motor 
drive systems for a tube that stretches hundreds of kilome¬ 
ters. 

(0074] Positions and velocities of the pods can be identi¬ 
fied by sensors such as velocity sensors placed at fixed 
locations within a tube. The position and velocity informa¬ 
tion can be used to help motor drive systems selectively 
power specific stator segments assigned to the motor drive 
systems. For example, a coordinating computer may coor¬ 
dinates and synchronizes power control by multiple different 
motor drive system. 

[0075] FIG. 13 is an illustrative embodiment of a com¬ 
puter system, on which the disclosed methods relating to a 
hybrid energy supply system can be implemented, and 
which is shown and is designated 1000. The computer 
system 1000 can include a set of instructions that can be 
executed to cause the computer system 1000 to perform any 
one or more of the methods or computer based functions 
disclosed herein. The computer system 1000 may operate as 
a standalone device or may be comiected, for example, using 
a network 1001, to other computer systems or peripheral 
devices. 

[0076] In a networked deployment, the computer system 
1000 may operate in the capacity of a server or as a client 
user computer in a server-client user network environment, 
or as a peer computer system in a peer-to-peer (or distrib¬ 
uted) network environment. The computer system 1000 can 
also be implemented as or incorporated into various devices, 
such as a stationary computer, a mobile computer, a personal 
computer (PC), a laptop computer, a tablet computer, a 
wireless smart phone, a set-top box (STB), a personal digital 
assistant (PDA), a global positioning satellite (GPS) device, 
a communications device, a portable telephone, a control 
system, a camera, a sensor, a coordinating computer, a 
variable frequency drive, or any other machine capable of 
executing a set of instructions (sequential or otherwise) that 
specify actions to be taken by that machine. The computer 
system 1000 can be incorporated as or in a particular device 
that in turn is in an integrated system that includes additional 
devices. In a particular embodiment, the computer system 
1000 can be implemented using electronic devices that 
provide voice, video or data communication. Further, while 
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a single computer system 1000 is illustrated, the term 
“system” shall also be taken to include any collection of 
systems or sub-systems that individually or jointly execute 
a set, or multiple sets, of instructions to perform one or more 
computer functions. 

[0077] As illustrated in FIG. 13, the computer system 
1000 includes a processor 1010. A processor for a computer 
system 1000 is tangible and non-transitory. As used herein, 
the term “non-transitory” is to be interpreted not as an 
eternal characteristic of a state, but as a characteristic of a 
state that will last for a period of time. The term “non- 
transitory” specifically disavows fleeting characteristics 
such as characteristics of a particular carrier wave or signal 
or other forms that exist only transitorily in any place at any 
time. A processor is an article of manufacture and/or a 
machine component. A processor for a computer system 
1000 is configured to execute software instructions in order 
to perform functions as described in the various embodi¬ 
ments herein. A processor for a computer system 1000 may 
be a general purpose processor or may be part of an 
application specific integrated circuit (ASIC). A processor 
for a computer system 1000 may also be a microprocessor, 
a microcomputer, a processor chip, a controller, a micro¬ 
controller, a digital signal processor (DSP), a state machine, 
or a programmable logic device. A processor for a computer 
system 1000 may also be a logical circuit, including a 
programmable gate array (PGA) such as a field program¬ 
mable gate array (FPGA), or another type of circuit that 
includes discrete gate and/or transistor logic. A processor for 
a computer system 1000 may be a central processing unit 
(CPU), a graphics processing unit (GPU), or both. Addi¬ 
tionally, any processor described herein may include mul¬ 
tiple processors, parallel processors, or both. Multiple pro¬ 
cessors may be included in, or coupled to, a single device or 
multiple devices. 

[0078] Moreover, the computer system 1000 includes a 
main memory 1020 and a static memory 1030 that can 
communicate with each other via a bus 1008. Memories 
described herein are tangible storage mediums that can store 
data and executable instructions, and are non-transitory 
during the time instructions are stored therein. As used 
herein, the term “non-transitory” is to be interpreted not as 
an eternal characteristic of a state, but as a characteristic of 
a state that will last for a period of time. The term “non- 
transitory” specifically disavows fleeting characteristics 
such as characteristics of a particular carrier wave or signal 
or other forms that exist only transitorily in any place at any 
time. A memory described herein is an article of manufac¬ 
ture and/or machine component. Memories described herein 
are computer-readable mediums from which data and 
executable instructions can be read by a computer. Memo¬ 
ries as described herein may be random access memory 
(RAM), read only memory (ROM), flash memory, electri¬ 
cally programmable read only memory (EPROM), electri¬ 
cally erasable programmable read-only memory (EE- 
PROM), registers, a hard disk, a removable disk, tape, 
compact disk read only memory (CD-ROM), digital versa¬ 
tile disk (DVD), floppy disk, Blu-ray disk, or any other form 
of storage medium known in the art. Memories may be 
volatile or non-volatile, secure and/or encrypted, unsecure 
and/or unencrypted. 

[0079] As shown, the computer system 1000 may further 
include a video display unit 1050, such as a liquid crystal 
display (LCD), an organic light emitting diode (OLED), a 


flat panel display, a solid state display, or a cathode ray tube 
(CRT). Additionally, the computer system 1000 may include 
an input device 1060, such as a keyboard/virtual keyboard or 
touch-sensitive input screen or speech input with speech 
recognition, and a cursor control device 1070, such as a 
mouse or touch-sensitive input screen or pad. The computer 
system 1000 can also include a disk drive unit 1080, a signal 
generation device 1090, such as a speaker or remote control, 
and a network interface device 1040. 

[0080] In a particular embodiment, as depicted in FIG. 13, 
the disk drive unit 1080 may include a computer-readable 
medium 1082 in which one or more sets of instructions 
1084, e.g. software, can be embedded. Sets of instructions 
1084 can be read from the computer-readable medium 1082. 
Further, the instructions 1084, when executed by a proces¬ 
sor, can be used to perform one or more of the methods and 
processes as described herein. In a particular embodiment, 
the instructions 1084 may reside completely, or at least 
partially, within the main memory 1020, the static memory 
1030, and/or within the processor 1010 during execution by 
the computer system 1000. 

[0081] In an alternative embodiment, dedicated hardware 
implementations, such as application-specific integrated cir¬ 
cuits (ASICs), programmable logic arrays and other hard¬ 
ware components, can be constructed to implement one or 
more of the methods described herein. One or more embodi¬ 
ments described herein may implement functions using two 
or more specific interconnected hardware modules or 
devices with related control and data signals that can be 
communicated between and through the modules. Accord¬ 
ingly, the present disclosure encompasses software, firm¬ 
ware, and hardware implementations. Nothing in the present 
application should be interpreted as being implemented or 
implementable solely with software and not hardware such 
as a tangible non-transitory processor and/or memory. 
[0082] In accordance with various embodiments of the 
present disclosure, the methods described herein may be 
implemented using a hardware computer system that 
executes software programs. Further, in an exemplary, non¬ 
limited embodiment, implementations can include distrib¬ 
uted processing, component/object distributed processing, 
and parallel processing. Virtual computer system processing 
can be constructed to implement one or more of the methods 
or functionality as described herein, and a processor 
described herein may be used to support a virtual processing 
environment. 

[0083] The present disclosure contemplates a computer- 
readable medium 1082 that includes instructions 1084 or 
receives and executes instructions 1084 responsive to a 
propagated signal; so that a device connected to a network 
1001 can communicate voice, video or data over the network 
1001. Further, the instructions 1084 may be transmitted or 
received over the network 1001 via the network interface 
device 1040. 

[0084] A coordinating computer as described herein may 
include the features shown in FIG. 13. Such a coordinating 
computer can coordinate when to dynamically activate line 
commutated inverters to drive active stator segments such as 
in FIGS. 8 and 9. Such a coordinating computer can also 
coordinate when to provide power from external energy 
supplies to low power energy storage modules such as 
ultracapacitors, flywheels, etc., or when to provide power 
from low power energy storage modules to use in powering 
stator segments. That is, at times certain stator segments in 
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the proximity of a pod are selectively switched ON, and the 
remaining stator segments are switched OFF. In this way, 
both energy stored by energy storage modules and energy 
provided from energy storage modules to a circuit for a 
motor drive system 500, 600 is controlled using a computer 
such as computer 1000 shown in FIG. 13. 

[0085] Although a hybrid energy supply system has been 
described with reference to several exemplary embodiments, 
it is understood that the words that have been used are words 
of description and illustration, rather than words of limita¬ 
tion. Changes may be made within the purview of the 
appended claims, as presently stated and as amended, with¬ 
out departing from the scope and spirit of a hybrid energy 
supply system in its aspects. Although a hybrid energy 
supply system has been described with reference to particu¬ 
lar means, materials and embodiments, a hybrid energy 
supply system is not intended to be limited to the particulars 
disclosed; rather a hybrid energy supply system extends to 
all functionally equivalent structures, methods, and uses 
such as are within the scope of the appended claims. 

[0086] Although the present specification describes com¬ 
ponents and functions that may be implemented in particular 
embodiments, the disclosure is not limited to such compo¬ 
nents, functions and embodiments. 

[0087] The illustrations of the embodiments described 
herein are intended to provide a general understanding of the 
structure of the various embodiments. The illustrations are 
not intended to serve as a complete description of all of the 
elements and features of the disclosure described herein. 
Many other embodiments may be apparent to those of skill 
in the art upon reviewing the disclosure. Other embodiments 
may be utilized and derived from the disclosure, such that 
structural and logical substitutions and changes may be 
made without departing from the scope of the disclosure. 
Additionally, the illustrations are merely representational 
and may not be drawn to scale. Certain proportions within 
the illustrations may be exaggerated, while other proportions 
may be minimized. Accordingly, the disclosure and the 
figures are to be regarded as illustrative rather than restric¬ 
tive. 

[0088] One or more embodiments of the disclosure may be 
referred to herein, individually and/or collectively, by the 
term “invention” merely for convenience and without 
intending to voluntarily limit the scope of this application to 
any particular invention or inventive concept. Moreover, 
although specific embodiments have been illustrated and 
described herein, it should be appreciated that any subse¬ 
quent arrangement designed to achieve the same or similar 
purpose may be substituted for the specific embodiments 
shown. This disclosure is intended to cover any and all 
subsequent adaptations or variations of various embodi¬ 
ments. Combinations of the above embodiments, and other 
embodiments not specifically described herein, will be 
apparent to those of skill in the art upon reviewing the 
description. 

[0089] According to an aspect of the present disclosure, a 
motor drive system for a linear motor includes multiple 
low-voltage modules that each store eneigy. The motor drive 
system also includes multiple first switching elements oper¬ 
able to comiect the low-voltage modules to an energy source 
to charge the low-voltage modules, and multiple second 
switching elements operable to comiect the motor drive 
system to the linear motor to power the linear motor. 


[0090] According to another aspect of the present disclo¬ 
sure, the motor drive system includes at least one low- 
voltage power converter that converts power from the low- 
voltage modules of the motor drive system to supply to the 
linear motor via the second switching elements. 

[0091] According to still another aspect of the present 
disclosure, each of the low-voltage energy storage modules 
comprises an ultracapacitor. 

[0092] According to yet another aspect of the present 
disclosure, the low-voltage modules are connected in a Wye 
configuration. 

[0093] According to another aspect of the present disclo¬ 
sure, the low-voltage modules are connected in a Delta 
configuration. 

[0094] According to still another aspect of the present 
disclosure, at least two of the plurality of low-voltage 
modules are connected in series and comprise a medium- 
voltage motor drive, and receive power from an energy 
source via a common first switching element. 

[0095] According to yet another aspect of the present 
disclosure, at least two of the multiple low-voltage modules 
are connected in series and comprise a medium-voltage 
motor drive, and provide power to the linear motor via a 
common switching element. 

[0096] According to another aspect of the present disclo¬ 
sure, the second switching elements are operable to comiect 
to different segments of the linear motor to selectively power 
the different segments of the linear motor. 

[0097] According to still another aspect of the present 
disclosure, the different segments of the linear motor com¬ 
prise fixed stator segments of the linear motor. Each of the 
different segments of the linear motor is selectively powered 
as a moving rotor of the linear motor approaches, and is 
selectively unpowered as the moving rotor of the linear 
motor departs. 

[0098] According to yet another aspect of the present 
disclosure, each stator segment of the linear motor includes 
multiple coils molded together in a block. 

(0099] According to another aspect of the present disclo¬ 
sure, the low-voltage module and the low-voltage power 
converter are provided together. 

[0100] According to still another aspect of the present 
disclosure, the energy source provides a lower voltage to the 
motor drive system than the motor drive system provides to 
the linear motor. 

[0101] According to yet another aspect of the present 
disclosure, the ultracapacitor is embedded in the low-voltage 
module. 

[0102] According to another aspect of the present disclo¬ 
sure, the low-voltage modules and low-voltage power con¬ 
verter comprise a motor drive. 

[0103] According to still another aspect of the present 
disclosure, the motor drive comprises a variable frequency 
drive used to drive the linear motor. 

[0104] According to yet another aspect of the present 
disclosure, the motor drive is coordinated to drive a segment 
of the linear motor when a rotor approaches the segment of 
the linear motor. 

[0105] According to another aspect of the present disclo¬ 
sure, the linear motor is aligned in a tube through which a 
pod is driven electromagnetically, and the moving rotor is 
carried by the pod. 

(0106] According to still another aspect of the present 
disclosure, the interior of the tube is substantially vacuumed, 
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and the pod is guided through the tube using at least one rail 
that extends through the tube. 

[0107] According to yet another aspect of the present 
disclosure, the moving rotor comprises a magnet. 

[0108] According to another aspect of the present disclo¬ 
sure, power from the power source is dynamically controlled 
based on positions of the pod as the pod moves through the 
fixed tube, so that the motor drive system drives the linear 
motor via the second switching elements as the pod 
approaches and so that the motor drive system stops driving 
the linear motor via the second switching elements as the 
pod moves away. 

[0109] According to an aspect of the present disclosure, a 
linear motor system includes multiple line commutated 
inverters distributed along a linear motor and each having an 
alternating current side that outputs alternating current, and 
a direct current side that conveys direct current. The alter¬ 
nating current side of each line commutated inverter is 
connected to a stator segment of the linear motor, and the 
direct current sides of each line commutated inverter are 
connected in series. 

[0110] According to another aspect of the present disclo¬ 
sure, the direct current sides of the line commutated invert¬ 
ers are connected in series to line commutated inverters that 
connect to an energy storage and to an energy source. 
[0111] According to still another aspect of the present 
disclosure, the energy storage comprises an ultracapacitor. 
[0112] According to still another aspect of the present 
disclosure, a direct current in a direct current loop smoothing 
inductor is built up by converting energy either from the 
energy source or from the energy storage via the respective 
line commutated inverter connected to the energy source or 
the energy storage. 

[0113] According to another aspect of the present disclo¬ 
sure, the built up direct current is used to charge or discharge 
the energy storage via the line commutated inverter con¬ 
nected to the energy storage. 

[0114] According to still another aspect of the present 
disclosure, as a rotor travels along the linear motor, the line 
commutated inverters connected to stator segments of the 
linear motor commutate the direct current sequentially into 
each phase of stator coils in the stator segments in order to 
form a moving flux that drives the rotor. 

[0115] According to yet another aspect of the present 
disclosure, the line commutated inverters connected to stator 
segments which are not currently powered bypass the direct 
current by turning on a plurality of thyristors in one or more 
phases. 

[0116] According to another aspect of the present disclo¬ 
sure, a direct current inductor is implemented using passive 
stator coils that are not currently powered, and selected 
thyristors are activated such that passive stator coils are 
connected in the direct current loop to provide direct current 
inductance. 

[0117] According to still another aspect of the present 
disclosure, the distributed line commutated inverters are 
connected to the linear motor to reduce torque ripples. Each 
of the distributed line commutated inverters have multiple 
phase legs, and adjacent line commutated inverters operate 
with phase shifts. 

[0118] The Abstract of the Disclosure is provided to 
comply with 37 C.F.R. § 1.72(b) and is submitted with the 
understanding that it will not be used to interpret or limit the 
scope or meaning of the claims. In addition, in the foregoing 


Detailed Description, various features may be grouped 
together or described in a single embodiment for the purpose 
of streamlining the disclosure. This disclosure is not to be 
interpreted as reflecting an intention that the claimed 
embodiments require more features than are expressly 
recited in each claim. Rather, as the following claims reflect, 
inventive subject matter may be directed to less titan all of 
the features of any of the disclosed embodiments. Thus, the 
following claims are incorporated into the Detailed Descrip¬ 
tion, with each claim standing on its own as defining 
separately claimed subject matter. 

[0119] The preceding description of the disclosed embodi¬ 
ments is provided to enable any person skilled in the art to 
make or use the present disclosure. As such, the above 
disclosed subject matter is to be considered illustrative, and 
not restrictive, and the appended claims are intended to 
cover all such modifications, enhancements, and other 
embodiments which fall within the true spirit and scope of 
the present disclosure. Thus, to the maximum extent allowed 
by law, the scope of the present disclosure is to be deter¬ 
mined by the broadest pennissible interpretation of the 
following claims and their equivalents, and shall not be 
restricted or limited by the foregoing detailed description. 

What is claimed is: 

1. A motor drive system for a linear motor, comprising: 

a plurality of low-voltage modules that each store energy; 

and 

a plurality of second switching elements operable to 
connect the motor drive system to the linear motor to 
power the linear motor. 

2. The motor drive system of claim 1, further comprising: 

a plurality of first switching elements operable to connect 

the low-voltage modules to an energy source to charge 
the low-voltage modules. 

3. The motor drive system of claim 1, further comprising: 

at least one low-voltage power converter configured to 

convert power from the low-voltage modules of the 
motor drive system and to supply power to the linear 
motor via the plurality of second switching elements. 

4. The motor drive system of claim 1, 

wherein each of the low-voltage modules comprises an 
ultracapacitor. 

5. The motor drive system of claim 1, 

wherein each of the low-voltage modules comprises a 
flywheel. 

6. The motor drive system of claim 1, 

wherein the low-voltage modules are comiected in a Wye 
configuration. 

7. The motor drive system of claim 1, 

wherein the low-voltage modules are comiected in a Delta 
configuration. 

8. The motor drive system of claim 1, 

wherein at least two of the plurality of low-voltage 
modules are comiected in series and comprise a 
medium-voltage motor drive, and receive power from 
an energy source via a common first switching element. 

9. The motor drive system of claim 1, 

wherein at least two of the plurality of low-voltage 
modules are comiected in series and comprise medium- 
voltage motor drive, and provide power to the linear 
motor via a common second switching element. 
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10. The motor drive system of claim 1, 

wherein the plurality of second switching elements are 
operable to connect to different segments of the linear 
motor to selectively power the different segments of the 
linear motor. 

11. The motor drive system of claim 9, 

wherein the different segments of the linear motor com¬ 
prise fixed stator segments of the linear motor; and 

wherein each of the different segments of the linear motor 
is selectively powered as a moving rotor of the linear 
motor approaches, and is selectively unpowered as the 
moving rotor of the linear motor departs. 

12. The motor drive system of claim 10, 

wherein each stator segment of the linear motor comprises 
a plurality of coils molded together in a block. 

13. The motor drive system of claim 2, 

wherein the low-voltage module and the low-voltage 
power converter are provided together. 

14. The motor drive system of claim 1, 

wherein the energy source provides a lower voltage to the 
motor drive system titan the motor drive system pro¬ 
vides to the linear motor. 

15. The motor drive system of claim 3, 

wherein the low-voltage modules and low-voltage power 
converter comprise a motor drive. 

16. The motor drive system of claim 15, 

wherein the motor drive comprises a variable frequency 
drive used to drive the linear motor. 

17. The motor drive system of claim 15, 

wherein the motor drive is configured to drive a segment 
of the linear motor when a rotor approaches the seg¬ 
ment of the linear motor. 

18. The motor drive system of claim 11, 

wherein the linear motor is aligned in a tube through 
which a pod is driven electromagnetically, and 

wherein the moving rotor is carried by the pod. 

19. The motor drive system of claim 18, 

wherein the interior of the tube is substantially vacuumed, 
and 

wherein the pod is guided through the tube using at least 
one rail that extends through the tube. 

20. The motor drive system of claim 11, 

wherein the moving rotor comprises a magnet. 

21. The motor drive system of claim 18, 

wherein power from the power source is dynamically 
controlled based on positions of the pod as the pod 
moves through the fixed tube, so that the motor drive 
system drives the linear motor via the second switching 
elements as the pod approaches and so that the motor 
drive system stops driving the linear motor via the 
second switching elements as the pod moves away. 


22. A linear motor system, comprising: 

a plurality of line commutated inverters distributed along 
a linear motor and each having an alternating current 
side that outputs alternating current, and a direct cur¬ 
rent side that conveys direct current, 

wherein the alternating current side of each line commu¬ 
tated inverter is connected to a stator segment of the 
linear motor, and 

wherein the direct current sides of each line commutated 
inverter are connected in series. 

23. The linear motor system of claim 22, 

wherein the direct current sides of the line commutated 
inverters are connected in series to line commutated 
inverters that connect to an energy storage and to an 
energy source. 

24. The linear motor system of claim 23, 

wherein the energy storage comprises an ultracapacitor. 

25. The linear motor system of claim 23, 

wherein a direct current in a direct current loop smoothing 
inductor is built up by converting energy either from 
the energy source or from the energy storage via a 
respective line commutated inverter connected to the 
energy source or the energy storage. 

26. The linear motor system of claim 25, 

wherein the built up direct current is used to charge or 
discharge the energy storage via the line commutated 
inverter connected to the energy storage. 

27. The linear motor system of claim 26, 

wherein, as a rotor travels along the linear motor, the line 
commutated inverters connected to stator segments of 
the linear motor commutate the direct current sequen¬ 
tially into each phase of stator coils in the stator 
segments in order to form a moving flux that drives the 
rotor. 

28. The linear motor system of claim 27, 

wherein the line commutated inverters comiected to stator 
segments which are not currently powered bypass the 
direct current by turning on a plurality of thyristors in 
one or more phases. 

29. The linear motor system of claim 28, 

wherein a direct current inductor is implemented using 
passive stator coils that are not currently powered, and 
selected thyristors are activated such that passive stator 
coils are comiected in the direct current loop to provide 
direct current inductance. 

30. The linear motor system of claim 22, 

wherein the distributed line commutated inverters are 
connected to the linear motor to reduce torque ripples, 

wherein each of the distributed line commutated inverters 
have multiple phase legs, and 

wherein adjacent line commutated inverters operate with 
phase shifts. 





